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Abstract

Recent investigations have advanced the understanding of how structure-property relationships
in ferromagnetic metal alloys affect the magnetization dynamics on nanosecond time-scales. A
similar understanding for magnetization dynamics on femto- to pico-second time-scales does not
yet exist. To address this, we perform time-resolved magneto optic Kerr effect (TRMOKE)
measurements of magnetization dynamics in Co-Fe alloys on femto- to nano-second regimes.
We show that Co-Fe compositions that exhibit low Gilbert damping parameters also feature
prolonged ultrafast demagnetization upon photoexcitation. We analyze our experimental TR-
MOKE data with the three-temperature-model (3TM) and the Landau-Lifshitz-Gilbert equation.
These analyses reveal a strong compositional dependence of the dynamics across all time-scales
on the strength of electron-phonon interactions. Our findings are beneficial to the spintronics and
magnonics community, and will aid in the quest for energy-efficient magnetic storage
applications.

Introduction

Laser excitation of a magnetic metal causes energy to cascade from photoexcited electrons into
spin and vibrational degrees of freedom*3. In ferromagnetic 3d transition metals such as Fe, Co,
and Ni, the rapid increase in thermal energy stored by spin degrees of freedom causes
femtosecond quenching of the magnetization®?, followed by a partial recover over the next few
picoseconds. Subsequently, on nanosecond time-scales, a temperature induced change in
equilibrium properties causes oscillatory precessions of the magnetic moment.

Both ultrafast and precessional magnetization dynamics involve energy exchange between
magnetic and vibrational degrees of freedom. The energy exchange is mediated by quasi-particle
interactions. The strength of quasi-particle interactions in a ferromagnet depends on electronic
band structure*®. In 3d ferromagnetic alloys, the electronic energy bands near the Fermi-level
vary strongly with composition®. Several recent investigations of nanosecond precessional
dynamics in ferromagnetic alloys have explored the relationship between electronic band
structure, quasi-particle interactions, and magnetic damping®®. Schoen et al. report an intrinsic
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damping parameter less than 107 for Coo 2sFeo.7s°, which is unusually low for a metal. They
conclude that the low damping in Coo.2sFeo 75 is a result of a minimization in the density of states
at the Fermi-level, which decreases the rate of electron-phonon scattering.

Researchers have not yet reached a unified understanding of how quasi-particle interactions
govern the magnetization dynamics in the femtosecond regime?°°. Some studies have
hypothesized that spin-flips caused by electron-phonon interactions are key drivers of
femtosecond magnetization dynamics®*t. Other experimental and theoretical studies have
explored the importance of electron-magnon interactions*?>°. Encouraged by the recent
advances in the materials science of nanosecond precessional dynamics®®, we study the
compositional dependence of ultrafast magnetization dynamics in Co-Fe alloys. Our study’s goal
is to understand the relationship between electronic band structure, quasi-particle interactions,
and femto-magnetism properties of ferromagnetic metal alloys.

We perform time-resolved magneto optic Kerr effect (TR-MOKE) measurements to characterize
the magnetization dynamics of thin CoxFe1.x alloy films (capped and seeded with Ta/Cu layers on
a sapphire substrate) on femto- to nanosecond time-scales. See Methods for details on sample
geometry. We observe that the ultrafast magnetization dynamics are a strong function of Co-
concentration, see Figure. 1a. The ultrafast dynamics of CoxFe1x differ most significantly from
those of Co and Fe at a composition of x =0.25. We also analyze the time-resolved macroscopic
precessional dynamics and report the effective damping parameter of our samples, see Figure 2a.
After linewidth analyses, for CoxFe1x, we observe that the Gilbert damping parameter varies
from 3.6 x 1073 to 5.6 x 1073 for compositions between x = 0 and 1, with a minimum value of
1.5 x 1073 at x = 0.25, in good agreement with previously reported results, see Figure 3b.

To determine the strength and composition dependence of electron-magnon and electron-phonon
quasi-particle interactions, we analyze our ultrafast magnetization dynamics data with a three-
temperature-model (3TM)?2,1. Our results reveal a strong compositional dependence of the
electron-phonon energy transfer coefficient, g.,,, suggesting that the variation in the ultrafast
dynamics in CoxFe1x alloys occurs primarily due to electron-phonon scattering. We draw this
conclusion because the value of g.,, depends on the rate of phonon emission by hot electrons 1,
Electron-phonon scattering is also predicted to govern the damping of nanosecond precessional
dynamics ®1819 Therefore, our results demonstrate that the same microscopic electron-phonon
interactions responsible for Gilbert damping also play a dominant role in femto-magnetism
properties of ferromagnetic alloys.

Results
Ultrafast Magnetization Dynamics

We plot the normalized ultrafast magnetization dynamics response, AM(t), for Co, Fe, and
Coo.2sFeo.75 as a function of time delay in Figure. 1a. Data for the rest of the Co-Fe compositions
are plotted in Supplementary Figure 1. All our measurements were performed with an incident



71
72
73
74

75
76
77
78
79
80
81
82
83

84
85
86
87
88
89
90

91
92
93
94
95
96

97

98

99
100
101
102
103
104
105
106
107
108

laser fluence less than ~15 J/m2. This is a sufficiently small fluence for the dynamics in our
experiments to follow a linear regime. In other words, decreasing the incident fluence by a factor
of two decreases the optical signal by a factor of two, but does not change the time-dependence
of the signal.

We use a polar TR-MOKE configuration to measure the ultrafast magnetization dynamics at
femtosecond time delays. A schematic of our experimental setup is shown in Supplementary
Figure 2a. We apply an external 2.2 Tesla (T) field perpendicular to the plane of the sample
using an electromagnet (GMW 3480). This external field is strong enough to effectively
overcome the in-plane shape anisotropy of the Co-Fe alloys and saturate the moment in the out-
of-plane direction. Since the equilibrium orientation of the moment is in the out-of-plane
direction, both, before and after laser irradiation, this geometry allows us to quantify the
femtosecond demagnetization response of the Co-Fe alloys, without the presence of macroscopic
precessional dynamics, see schematic in Figure 1b.

Upon excitation with the pump pulse, the magnetic moment decreases on a sub-picosecond time-
scale due to the flow of energy from electrons to magnons?*292L Then, on picosecond time-
scales, the magnetization partially recovers as energy is transferred to the lattice and temperature
gradients across the film thickness relax. After a few picoseconds, the magnetic film reaches a
new equilibrium at an elevated temperature. Ultrafast dynamics with sub-picosecond
demagnetization followed by picosecond re-magnetization are commonly categorized as “type 1”
dynamics, and are characteristic of 3d ferromagnetic metals such as Fe, Co, and Ni°.

To elucidate how the de- and re-magnetization dynamics change with composition, we define
two data descriptors: 1o and R. We define the demagnetization time, 1o, as the delay time where
dAM(t)/dt reaches its maximum value. We define R as the ratio of the maximum of AM(t) to
AM(t = 10ps). We plot 1o and R as a function of composition in Figure 3a. tp varies weakly
with composition and has a minimum value of 40 fs at x = 0.25. In contrast, we observe that R
varies strongly with composition and is a maximum of 4 at x = 0.25.

Nanosecond Precessional Dynamics

We show measurements of the macroscopic precessional dynamics of Fe, Co, and Coo.2sFeq.75 in
Figure 2a. Data for the other Co-Fe compositions are plotted in Supplementary Figure 3. We use
a polar TR-MOKE experimental setup, with an obliquely angled external magnetic field, to
measure the macroscopic precessional dynamics of our samples. A schematic of our
experimental setup is shown in Supplementary Figure 2b. Tilting the electromagnet to an angle
of 11°, with respect to the plane of the sample, allows us to apply a canted external magnetic
field so that the magnetic moment has an out-of-plane component. The equilibrium orientation of
the moment depends on the balancing between the applied external field and the thin-film shape
anisotropy field. The shape anisotropy field in the z-direction is proportional to the out-of-plane
component of the magnetic moment. Upon heating, the total magnetic moment decreases. This
decrease results in an ultrafast change to the out-of-plane anisotropy field and equilibrium
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orientation. As a result, the magnetic moment will precess to a new equilibrium orientation, see
schematic in Figure 2b. Our polar TR-MOKE setup detects changes in the out-of-plane moment,
S0 we can sensitively measure the frequency and amplitude of the precessional dynamics.

We collect between 6 and 12 TR-MOKE scans of precessional dynamics for each sample. Each
of these scans is collected with a different applied external magnetic field, ranging from 0.2 T to
2.2 T. The TR-MOKE signals include precessional dynamics in addition with a background
related to temperature-induced demagnetization. To analyze the precessional dynamics, we
subtract the background with a biexponential decay function. We fit the resulting dataset with a
damped harmonic function, V(t) = Asin(wt + @)exp (—t/t). Our fits yield unique values of A
(amplitude), @ (the initial phase of the oscillation), T (period), and t (the exponential decay time
of the precession). Using these values, we determine the effective dimensionless damping

parameter, oef = 0.7

The resonance frequency is a function of applied external magnetic field and magnetic moment,

w=Y \/Heff(Heff + poMs). Here, y is the gyromagnetic ratio, p, is the vacuum permeability,
Heg IS the out-of-plane component of the external magnetic field as measured by a Hall probe,
and Mg is the saturation magnetization of the sample. We derive the magnetic moment of the
sample by treating M as a fit parameter. We also perform VSM measurements of the moment of
some of the samples and find that the magnetic moment obtained is in good agreement with the
value that we derive by fitting our precessional dynamics data. See Supplementary Figure 4 for
more details.

The effective damping parameter aeff that we deduce from our precessional dynamics
measurements includes effects from damping and inhomogeneous broadening. The effect of
inhomogeneous broadening is independent of the applied field at high frequencies??. To obtain
the Gilbert damping parameter intrinsic to the sample geometry (not intrinsic to the material), we
plot the effective linewidth, a.¢ - f, as a function of frequency, and linearly fit to the equation,
aefr - f = o+ £+ AH, where AH is the inhomogeneous broadening component and a. is the Gilbert
damping parameter. Further details can be found in Supplementary Figure 5.

In contrast to prior investigations that performed FMR measurements in the frequency range
from 16-18 GHz® and 40 GHz®, our TR-MOKE experimental setup allows us to study dynamics
at frequencies as large as 90 GHz. At such high frequency, we can be confident that our
measured Gilbert damping parameter is dominated by the intrinsic linewidth over
inhomogeneous broadening effects.

The Gilbert damping parameter we observe of a. = 1.5 x 1073 for Cog.2sFeo 75 is amongst the
lowest ever reported for a ferromagnetic metal. Schoen et al. report a = 2.1 x 1073 for
Coo.2sFeo.75. After accounting for radiative and spin-pumping contributions, they estimate an
intrinsic damping parameter for Coo.25Feo.75 to be o, = 5 X 107% . Lee et al. 8 performed FMR
measurements of Coo.2sFeo.7s epitaxial films and report a = 1.4 x 1073, Wei et al. report a =
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1.5 x 1073 for Feo7sAlo.25 films 7. We note that our measured damping parameter likely
includes significant contributions from spin-pumping into the adjoining Ta/Cu layers, but we did
not experimentally examine the effects of spin-pumping in our samples.

Analysis and Discussion

The comparison of R and « in Figure 3a and Figure 3b reveals that the two quantities depend on
composition in a similar manner. R is at a maximum and « is at a minimum at x = 0.25. Fe and
CoxFe1x alloys with x > 0.5 have small R and high a. Alternatively, CoxFeix alloys with 0.1< x
< 0.5 have both high R and low a. To confirm this correlation, we performed a hierarchical
cluster analysis of the raw data at both femtosecond and nanosecond time-scales. The clustering
algorithm divides the Co-Fe alloys into groups based on similarities in the dynamics data. The
clustering results as a function of composition are nearly identical when based on the femto-
Ipico-second time-scale data vs. the nanosecond time-scale data. We include further details on
the clustering analysis in Supplementary Note 1 and Supplementary Figure 6.

We now explain the correlation between ultrafast and precessional dynamics by considering how
electronic scattering processes depend on composition. Similar to prior studies of damping in
Co-Fe alloys®"2, our results for a vs. x are in good agreement with the “breathing Fermi
surface” model for damping?*. In this model, spin-orbit coupling causes the Fermi-level to shift
with the precessions of the magnetic moment®. A shift in the equilibrium Fermi-level leads to a
nonequilibrium electron population. As the Fermi-level repopulates, intra-band electron-phonon
scattering transfers energy to the lattice. The “breathing Fermi surface” model predicts that the
damping parameter is directly proportional to D(ef), because more electronic states near ¢ leads
to higher rates of electron-phonon scattering. We observe that the a value for Cog.2sFeo 75 is
~2.5x lower than a for Fe. Density functional theory predicts a ~2x difference in D(&;) for
Coo.2sFeo.75 vs. Fe, see Supplementary Note 2 or Ref.5. Therefore, like prior studies of Co-Fe
alloys®’%, we conclude that intra-band electron-phonon scattering governs precessional
damping.

To better understand how composition affects electron-magnon and electron-phonon energy
transfer mechanisms, we analyze our AM (t) data with a phenomenological three temperature
model (3TM), see Figure 4. The 3TM describes how heat flows between electrons, phonons, and
magnons after laser excitation of the Co-Fe sample. (See Methods for additional details.) The
3TM predicts that 1o depends on two groupings of model parameters: 7., = Cp,/gem and T, =
Ce/gep- Here Cp, and C, are the magnon and electron heat-capacity per unit volume, and g,
and g.,, are the energy transfer coefficients from electrons to magnons and phonons,
respectively. We estimate values for C, vs. composition using the Sommerfeld model together
with the electronic density of states vs. composition reported in Ref.5. The 3TM also predicts that
the parameter R is determined by the following grouping of parameters: R = C,gem/CmJep 16,
where C, is the phonon heat-capacity per unit volume. We assume that the value of C,, is 3.75
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MJ m= K for Co, Fe and Co-Fe alloys. With these estimates for C, and Cp, and other relevant
model parameters, summarized in Supplementary Table 1, we can deduce unique values for
Cin/9em and C,/ g, as a function of composition from our TR-MOKE data, see Figure 4b.

Based on our 3TM analysis, we conclude that the strong composition dependence of R is due to
the composition dependence of g.,,. Boltzmann rate-equation modelling of the nonequilibrium
electron dynamics after photoexcitation predicts that the electron-phonon energy-transfer
coefficient is g,, = [whkpD ()] {w?) °. Here, 2(w?) is the second frequency moment of the
Eliashberg function and is a measure of the strength of electron-phonon interactions. Most of the
compositional dependence we observe in g, is explained by the compositional dependence of

D(sf). To show this, we include a prediction for g, in Figure 4b. Our prediction uses the
D(&f) vs. x reported in® and treats A(w?) as a composition independent fit parameter. We find
Mw?) = 260 meV? provides an excellent fit to our data. The best-fit value for 2{w?) is in good
agreement with A{w?) ~ 1z ©3 /2 = 280 meV?. Here, Ay is derived from electrical resistivity
data for Fe %, and ©, = 470K is the Debye temperature of Fe.

Before beginning our experimental study, we hypothesized that the energy transfer coefficient
between electrons and magnons, g,,, would be correlated with the phase-space for electron-

magnon scattering. We expected the phase-space for electron-magnon scattering to be a strong
function of band-structure near the Fermi-level >15. We also expected the phase-space to be
minimized at a composition of x = 0.25, because of the minimum in the density of states at the
fermi-level. To explore how the phase-space for electron-magnon scattering depends on
composition, we performed density functional theory calculations for the electronic band
structure with x = 0 and x = 0.25, see Supplementary Note 2. Our DFT calculations suggest that
the phase-space for electron-magnon scattering is an order of magnitude higher for x = 0 vs.
0.25. However, we do not see evidence that this large theoretical difference in electron-magnon
scattering phase-space affects ultrafast dynamics. The time-scale for magnons to heat up after
photoexcitation, z,, ~C_/g,, , decreases monotonically with increasing X, and does display

structure near x ~ 0.25.

Several theoretical models predict a strong correlation between 1o and aint. For example,
Koopmans et al. predicts o will be inversely proportional to a by assuming that the dissipative
processes responsible for damping also drive ultrafast demagnetization 2’. Alternatively, Fahnle
et al. predicts that to should be proportional to aint 28. In our experiments on Co-Fe thin films, we
observe only a weak correlation between 1o and aint. While aint Varies with composition by a
factor of three, tp for 8 of the 9 compositions we study fall within 20% of 75 fs. The 1o value we
obtained for Fe (= 76 fs) agrees well with experimental results reported in %122,
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Conclusions

We have measured the magnetization dynamics of CoxFe1x thin-films, and we observe that both
ultrafast and precessional dynamics of Coo2sFeo 75 differ significantly from Co and Fe. When the
moment of Coo.2sFeo.75 Is driven away from its equilibrium orientation, the time-scale for the
moment to return to equilibrium is 3-4x as long as for Fe or Co. Similarly, when spins of
Coo.25Feo.75 are driven into a nonequilibrium state by ultrafast laser heating, the time-scale for
thermalization with the lattice is 2-3x as long as for Fe or Co. Through 3TM analyses, we
demonstrate that this occurs primarily due to the effect of the electronic band-structure on
electron-phonon interactions, consistent with the “breathing Fermi surface” theory. Our findings
are of fundamental importance to the field of ultrafast magnetism, which seeks to control
magnetic order on femto- to picosecond time-scales. Such control requires a thorough
understanding of how and why energy is exchanged between electronic, spin, and vibrational
degrees of freedom. Prior studies have shown that g.,, is correlated with a wide range of physical
properties, e.g the superconducting transition temperature®, electrical resistivity 25,
photoelectron emission®!, and the laser fluence required for ablation®. To our knowledge, our
study provides the first demonstration that g.,, in ferromagnetic metals is also correlated to the

Gilbert damping parameter «.

Our findings also have implications for the ongoing search for magnetic materials with ultrafast
magnetic switching functionality. Atomistic spin dynamics simulations predict that the energy
required for ultrafast electrical or optical switching of rare-earth ferromagnetic alloys, e.g.
GdFeCo, is governed by the electron-phonon energy transfer coefficient®3, To date, most studies
aimed at exploring the materials science of ultrafast switching have used alloy composition as a
way to control magnetic properties *#-37. Our work suggests an alternative strategy for reducing
the energy requirements for ultrafast magnetic switching. The alloy composition should be
chosen to minimize the electronic density of states at the Fermi-level. Such metals will have
lower electron-phonon energy transfer coefficients, and therefore more energy efficient ultrafast
switching %,

Finally, our findings offer a new route for discovering ferromagnetic materials with ultra-low
damping as a result of low g,,,. Current methods for identifying low damping materials involve
labor-intensive ferromagnetic resonance measurements of one alloy composition at a time.
Alternatively, high-throughput localized measurements of ultrafast demagnetization dynamics of
samples produced using combinatorial techniques® would allow promising alloy compounds
with weak electron-phonon interactions to be rapidly identified 34,
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Materials and Methods
Sample Preparation

We sputter deposit the Co-Fe samples onto sapphire substrates with a direct current (DC)
magnetron sputtering system (Orion, AJA International). The base pressure prior to deposition is
less than 3.5 x 107 torr. We sputter with an Argon pressure of ~3.5 x 107 torr. The geometry of
the samples is sapphire/Ta(2nm)/Cu(3nm)/CoxFe1x(15nm)/Cu(3nm)/Ta(lnm). The CoxFe1x layer
is deposited by co-sputtering two 4N purity Co and Fe targets at different powers. We chose this
film geometry to mimic the samples in Ref.® which demonstrated low damping at x = 0.25.

To ensure an accurate thickness of each layer in our samples, we calibrate the deposition rates of
each metal by sputtering individual Co, Fe, Ta, and Cu films onto SiO2/Si substrates and/or BK-7
glass substrates. We use picosecond acoustics*? and time-domain thermo-reflectance (TDTR)
measurements*3#4 to determine the thicknesses of these individual films. We validate the
composition of the Co-Fe alloy layer by performing Energy Dispersive X-Ray Spectroscopy
(EDS) analyses with a scanning electron microscope (FEI Nova NanoSEM 450) at an operating
voltage of 15 kV and working distance of 14 mm. We analyze the EDS data using Aztec Synergy
software (Oxford Instruments).

Time-Resolved MOKE Experimental Setup

We use a pump/probe laser system to perform TR-MOKE measurements of the magnetization
dynamics. The pulsed laser is a Ti:sapphire oscillator with an 80 MHz repetition rate. The laser
beam is split into a pump and probe beam, that are modulated to frequencies of 10.7 MHz and
200 Hz, respectively. A time-delayed pump beam irradiates the sample surface and heats the
metal film. The ultrafast heating causes a change in the magnetic moment. We measure the time-
evolution of the magnetic moment by monitoring the polarization of the probe beam reflected off
the sample surface. The reflected probe beam’s polarization state is affected by the out-of-plane
magnetic moment of the sample due to the polar Kerr effect. Additional details about the MOKE
experiment set-up are in Ref.*.

The time-resolution of our experiment is controlled by the convolution of the intensity vs. time
of the pump and probe pulses. The wavelength of our pump and probe beams is tunable.
Employing a red (900 nm) pump and blue (450 nm) probe yields higher time-resolution
capabilities, allowing us to accurately measure the ultrafast magnetization at femtosecond time
delays. We measure the full-width-at-half-maximum (FWHM) of the convolution of the pump
and probe pulses by performing an inverse Faraday effect (IFE) measurement on Pt. We obtain a
FWHM value of 390 fs for the convoluted pulses, and a pulse duration of 210 fs for the 900 nm
pump/450 nm probe beam setup. For further details on our IFE measurements and pulse duration
calculations, please refer to Supplementary Figure 8.
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To investigate the precessional dynamics on longer time-scales, we use a pump and probe
wavelength of 783 nm. The pulse duration for this setup is 610 fs due to pulse broadening from a
two-tint setup we use to prevent pump light from reaching the balanced detector>4,

Three Temperature Modeling

To determine the electron, phonon, and magnon energy transfer coefficients, we use the
phenomenological three-temperature model (3TM), given by the following set of equations:

dTe

dTe
Ceat = 9ep(Tp = Te) + Gem(Tn — To) + A,

+5(z,t) D

dT d?T.
Cp—2= = gep(T, — T)+Apd,}’ 2)

AT d?Ty,
CmW=gem(T T)"'Amdz (3)

S(z,t) = SeP(H)A(2) (4)

Equations 1 — 3 describe the temperature evolution of electrons (), phonons (p) and magnons
(m), as a function of time delay (t). C, T, and A are the heat capacity per unit volume,
temperature, and thermal conductivity, respectively. We use the density of states (DOS) at the
Fermi level as a function of Co-concentration® to calculate the electronic heat capacity (Ce) using
the Sommerfeld model. We assume that the phonon-magnon energy transfer is negligible
compared to electron-magnon coupling, and thus, neglect g,,.

We calculate the laser energy absorption by electrons (S), as a function of depth (z) and time
delay (t), as described in Equation 4. The terms P(t) and A(z) denote the time-dependent laser
pulse intensity and the optical absorption profile as a function of stack thickness. We calculate
A(2) using the refractive indices of each metal constituent of the stack*’~*°. The material
parameters that are used to numerically solve equations 1 — 4 are listed in Supplementary Table
1.
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308  Figure 1. Ultrafast magnetization dynamics of Co, Fe, and Coo.2sFeo.75 thin films (a) Polar TR-
309 MOKE data showing ultrafast demagnetization behavior at short delay times. (b) Schematic

310 illustration of the three phases of an ultrafast magnetization dynamics experiment. Stage I: A large
311 external magnetic field oriented normal to the plane of the sample leads to an equilibrium moment,
312 M in the out-of-plane direction. Stage II: Upon heating with a pump beam, ultrafast

313  demagnetization (W) occurs within ~100s of fs. Energy from hot electrons is transferred to the
314  magnons, increasing the amplitude of precession. Stage I111: Over the next few picoseconds, energy
315 istransferred from magnons and electrons to the lattice. Additionally, spatial temperature gradients
316  relax. As a result, magnons cool, i.e. the average precessional amplitude of individual spins

317  decreases. As a result, the magnetization partially recovers to M". The time-scale for the partial
318  recovery in stage Il depends strongly on the composition.
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Figure 2. Precessional dynamics in Co, Fe, and Coo.2sFeo.75 thin films (a) Polar TR-MOKE data
on sub-nanosecond time-scales. (b) Ilustration of the three stages for precessional dynamics after
laser excitation. Stage I: Prior to laser excitation, the presence of a canted external magnetic field,

H,f¢, oriented at an angle 0. This results in the orientation of the out-of-plane moments, M - Stage
Il: Laser-induced photoexcitation leads to the disorder of the magnetic moment, causing a decay

in the net magnetization, denoted by M. The net torque imbalance causes macroscopic precessions
of the magnons, towards equilibrium, H',s, over several ~100s of picoseconds. Stage III:
Eventually, after ~1 ns, the magnetic moment re-equilibrates to H', . The lifetime of the magnetic

precessions depends on the effective damping parameter, aefr. The time-scale for the precessional
dynamics to cease (in stage I11) depends strongly on composition, and is a maximum for x = 0.25.
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Figure 3. Compositional dependence of descriptors for the ultrafast dynamics data. (a) R
describes the maximum change in the magnetic moment, i.e. how far from equilibrium spin-
degrees of freedom are driven after ultrafast excitation. tp describes the lag between zero delay
time and demagnetization, as a function of Co-concentration. (b) o denotes the Gilbert damping
parameter, as a function of Co concentration. Data obtained from our TR-MOKE experiments
described in this study (plotted in orange), agree reasonably with data from Ref. [6] (plotted in
green). Coo.sFeo 75 features the largest deviation in R and a, when compared to its constituent
elements Co and Fe.
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Figure 4. Analyses of Ultrafast Demagnetization Results using the Three Temperature Model
(3TM) in Co-Fe alloys. (a) Polar TR-MOKE dataset of the Coo 25Feg.75 composition (black circles)
with best-fit results of the 3TM. The 3TM describes the temperature excursions of the electrons
(blue curve), magnons (red curve) and phonons (green curve) after laser excitation. (b) We treat
Jep aNd g, as fit parameters when solving the 3TM. Using literature values of Cp and Cm (further
details available in Supplementary Table 1), we calculate and plot the electron-phonon (tep) and
electron-magnon (tem) relaxation times, as a function of Co-concentration. The red-line is a best-
fit value for the electron-phonon relaxation time as a function of composition, with the assumption
of a composition-independent value for the electron-phonon coupling parameter A.
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